INTRODUCTION
Gait is an important part of everyday human activity. Healthy gait provides a comfortable means for humans to be mobile. Patients that suffer from lower limb or gait related pathologies are affected both physically and psychologically. A little over the past decade, New methods for analyzing gait have become available, namely the OMC method. The OMC method offers accurate measurements that record important data that describe a patient's specific gait which can be used to diagnose problem areas when compared to healthy gait data. Although the OMC method is very accurate, it does have some limitations. OMC is still expensive and typically requires a clinical setting and special environmental conditions in order to record reliable data, and although some new systems claim to be "mobile" they require the movement of bulky equipment to the measurement location, which is not very practical for clinicians. This work introduces a low cost system with comparable accuracy to the OMC method using accelerometers and gyroscopes applied to the measurement of healthy lower limb gait. [1] 
METHOD
Accelerometers offer highly sensitive measurements that can be used for tilt sensing [2] . However, due to their high sensitivity, measurements are typically saturated with noise and only work reliably in near static measurements. Gyroscopes on the other hand are less prone to noise and can be used in a more dynamic environment, but suffer from a phenomena known as drift over longer periods of measurement. Therefore, an accelerometer and gyroscope are mutually
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-Predict the current state based on previous state and gyroscope measurements:
Where F is the state transition and B is the input model multiplied by the control (angular rate k )
as well as the expected Gaussian noise w k of the measurements.
-Measure and update:
Where H is the observation model and v k is the measurement noise which is also Gaussian.
The estimate then becomes the following linear function:
Where K is known as the Kalman gain used to correct the estimate based on the difference between actual and predicted measurements.
MEASURMENTS
The IMU was constructed by using a 3 axis ±5g analog accelerometer from analog devices. It was mounted orthogonally to a 2 axis gyroscope (LPR510AL from ST microelectronics) creating a 5 degree of freedom IMU. Measurements were given in mV recorded in .txt format by means of an analog to digital converter and Signal express software from National instruments. The hardware can be seen in fig. 1 . The raw data was imported into Matlab software where it was converted to usable variables and implemented into a Kalman filter script. The validity of the measurements was provided by measuring in tandem with OMC methods which is currently considered the gold standard for gait analysis. The OMC laboratory was provided by the University of Olomouc, faculty of physical culture, Czech Republic. OMC measurements were provided from Vicon post processing in .txt format so that they could compare results directly in Matlab. A healthy female patient was chosen to perform 20 gait measurements each consisting of approximately four gait cycles. Specific OMC marker placement as well as IMU placement can be seen in fig. 2 .
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RESULTS
The focus of this paper was to show the results obtained for knee ROM. It was obtained by subtracting the thigh angle from the shank angle. Of the 20 gait measurements, four gait cycles at a time where processed and the correlation between OMC and IMU measurements was calculated for sagittal plane knee ROM by:
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where n are the number of samples, x is data from the IMU and y is data from the OMC measurements. Values close to 1 indicate high levels of correlation between measurements. A visual comparison between results from IMU and OMC measurements can be seen in fig. 2 
Figure 2: Comparison of right knee flexion angles recorded by OMC and IMU method
The lowest correlation through 20 measurements was found to be 0.883 while the highest correlation through the same set of data was 0.939.
CONCLUSION
Although correlation between measurements is high, it is necessary to discuss the limiting factors of the current system. The developed IMU requires external connection through Category 5 ethernet cable to send signals to the ADC. Apart from being cumbersome, these cables interfere with the free movement of the IMU, future designs should incorporate an ADC and button battery directly on the IMU itself to eliminate any external connections. It would be beneficial to determine the joint angle in other planes as well to verify the accuracy for smaller ROM. Despite all of these shortcomings, and given the early developmental stage of this work, the use of IMU's as a cheap and portable alternative to OMC analysis is promising.
